Abstract The Qinghai-Tibet Plateau (QTP) is well known for being of great importance in the evolution of montane species due to its unique geological history and landform configuration, climate complexity, and diversified habitats. The effect of environmental changes since the Quaternary on species diversification, population genetic structure, and demography under environmental change can be studied using phylogenetic and phylogeographical approaches. Birds are the most well-studied group of all terrestrial vertebrates with regard to their response to climatic changes over time. Herein, we briefly review the species diversification of birds in response to the uplift of the QTP, focusing on summarizing the different phylogeographical patterns of birds on the Plateau, its southeastern margin, and the Eastern Himalayas and the reasons underlying these patterns. Speciation was found to be closely related to the uplift of the QTP, with different patterns of intraspecific processes: (1) no divergence within a single refuge was identified in a restricted semi-continuous area of the eastern margin of the Plateau; (2) two divergent lineages with separated refugia were located at the south-eastern and north-eastern margins of the plateau; and (3) multiple divergent lineages within subregions were found in the Eastern Himalayas. Glacial movements and induced climate change are considered to be key factors in shaping these different patterns. The species distributed mainly in the heavily ice-covered platform regions of the Plateau experienced population expansion following the retreat of the extensive glaciations, whereas the species distributed on the ice-free edges of the plateau maintained their population sizeat a stable level. Demographic stresses on the edge species might have been mitigated by the milder climate in comparison to their platform-distributed counterparts. Various behavioral and ecological characteristics, Received July 3, 2013; accepted Sept. 11, 2013 As an integrative discipline, phylogeography aims to understand the principles and processes through which the geographic distributions of genealogical lineages arise (Avise et al., 1987) . The major goals of phylogeography are to illustrate the spatial and temporal population structure of species and to interpret the evolutionary and ecological processes (Beheregaray, 2008) . By implementing a phylogeographical approach, we can test biogeographic hypotheses, infer modes of speciation, and identify evolutionary significant units for purposes of conservation. Furthermore, phylogeography provides valuable contributions to many other areas of biological and earth sciences, such as historical biogeography (Avise, 2000; Fraser and Bernatchez, 2001; Riddle and Hafner, 2006) , biodiversity research and taxonomy (Avise and Ball, 1990; Beheregaray and Caccone, 2007; Taberlet, 1998), paleo-ecology (Cruzan and Templeton, 2000) , and paleo-climatology (Hewitt, 2000) .
1 Phylogeography: An Integrative Discipline of Phylogeny and Biogeography
As an integrative discipline, phylogeography aims to understand the principles and processes through which the geographic distributions of genealogical lineages arise (Avise et al., 1987) . The major goals of phylogeography are to illustrate the spatial and temporal population structure of species and to interpret the evolutionary and ecological processes (Beheregaray, 2008) . By implementing a phylogeographical approach, we can test biogeographic hypotheses, infer modes of speciation, and identify evolutionary significant units for purposes of conservation. Furthermore, phylogeography provides valuable contributions to many other areas of biological and earth sciences, such as historical biogeography (Avise, 2000; Fraser and Bernatchez, 2001; Riddle and Hafner, 2006) , biodiversity research and taxonomy (Avise and Ball, 1990; Beheregaray and Caccone, 2007; Taberlet, 1998) , paleo-ecology (Cruzan and Templeton, 2000) , and paleo-climatology (Hewitt, 2000) .
There have been dynamic developments in the field of phylogeography since it emerged at the end of the 1980s, with the accumulated knowledge contributing both to the classic concepts and patterns of speciation (Avise, 2000) andfurther evolutionary insight into population genetics (Avise, 2007) . Benefiting from the emergence of genomic sequencing and bioinformatics, phylogeography exploits a wide range of innovative conceptions and methodologies.
One branch of phylogeographical research focuses on comparative phylogeography, an approach through which we can evaluate multi-species regional biota and infer the historical events sculpting the genealogical patterns among multiple species in a certain region (Arbogast and Kenagy, 2001; Bermingham and Moritz, 1998; Soltis et al., 2006; Taberlet et al., 1998) . Furthermore, such an approach canreveal gene genealogies from multiple unlinked nuclear loci, and these efforts would be advanced with improvements in techniques and statistics (Avise, 2009) . For example, the coalescent theory, which has been widely depended in single-locus analyses, should be modified for multi-locus datasets (Avise, 2009 ).
Phylogeography may be the most useful tool for interpreting species responses to Quaternary climate changes from a genetic perspective, and exploration of the mechanisms of speciation and identifying the effects of geological events and geo-topological barriers on population divergence are typically the major goalsof phylogeographical studies. Early studies on avian phylogeography in North America have revealed a congruent genetic pattern of low levels of differentiation and weak geographical structure in mitochondrial DNA, indicating recent glaciation effects on population 3 processes (Avise and Walker, 1998; Mila et al., 2000; Weir and Schluter, 2004) . Many studies in other areas of the world have revealed habitat shift due to the climate changes in the Pleistocene as the vital factor in shaping the present population structures within a species (Jennings and Edwards, 2005; Randi et al., 2003; Wenink et al., 1996) . However, the genetic patterns of populations are also influenced by the geo-topological characteristics of the habitats and the species-specific ecological and behavioral traits (Barrowclough et al., 1999; Brumfield and Edwards, 2007; Drovetski et al., 2004; Warren et al., 2003) .
Methodological innovations, such as integration with geographic information systems (GISs) and ecological niche modeling (ENM), have recently been used in phylogeography to better understand the ecological causes of population history (Brotons et al., 2004; Kozak et al., 2008; Smith et al., 2011; Zhao et al., 2012) . Advancements in other fundamental issues in the field of evolutionary biology, such as genetic ingression and contact zone between species (Bensch et al., 2002; Brumfield et al., 2001; Saetre et al., 2001) , migratory connectivity (Lopes et al., 2006; Wink, 2006) , morphological variation and adaptive differentiation (Haas et al., 2009; Mundy, 2005) , and regional endemism (Liu et al., 2012) , have all benefited from the achievements of integrative phylogeographical approaches.
The Uplift of the Qinghai-Tibet Plateau and Quaternary Glaciations
The Qinghai-Tibet Plateau (QTP) is the largest and highest plateau on the Earth and is characterized by a most prominent topographic structure: a flat interior surrounded by high-elevation ranges on all sides, except to the east. The average elevation exceeds 5000 m, with an area of morethan a million km 2 . QTP is bounded to the north by the Tarim Basin and to the south by the Himalayas and extends toward the west in the Karakorum Range, Pakistan (Turner et al., 1996) . The uplift of the QTP and Himalayas is the result of the collision of the Indian subcontinent with the Eurasian Plate (Le Pichon and Heirtzler, 1968; McKenzie and Sclater, 1971) . Compressed by the Indian and Eurasian Plates, the rim of the Tibetan Plateau rose, and intensive tectonism occurred in West China in the Late Neogene-Early Quaternary (Li and Fang, 1999) .
The details of the spatial-temporal formation related to the creation of the Himalayas and QTP have long been debated. Some researchers believe that the early uplift and continental collision began in the Early Tertiary (≈55 Million years ago, Mya) to the west and spread toward the east. During the last 50 Mya, India has moved northward toward Asia, and this has apparently been accommodated by internal deformation of India and Asia and formation of the QTP (Hirn et al., 1995; Houseman and England, 1993; Jin et al., 1994) . A second pulse of magmatism, a stage of uplift occurring at ≈20 Mya in the central Himalaya, most likely reflects increasing temperatures in the thickened crust coupled with the decompression (France-Lanord and Le Fort, 1988; Harris and Massey, 1994) that has been associated with the onset of the rapid exhumation of the Himalayas (Brumfield et al., 2001; Copeland et al., 1987; Turner et al., 4 1996). Harrison (1992) suggested that the uplift of southern Tibet began approximately 20 Mya and reached its present elevation by 8 Mya; however, some other geologists and geographers advocate that the uplift occurred more recently. In this scenario, the QTP uplift can be divided into several steps. The most recent uplift, 'the Tibet movement', occurred between 3.6 and 1.7 Mya and included three phases commencing at 3.6, 2.5, and 1.7 Mya (Li et al., 1996) . Prior to that time, there was a relatively warm and humid environment in this region: a subtropical mixed forest of evergreen broadleaf and broadleaf deciduous woodland (Kong et al., 1981; Wu et al., 2001) . The second phase of the 'Tibetan movement' at 2.6 Mya raised the plateau to the critical height of 2000 m, intensifying the Siberian-Mongolian High land and triggering the onset of winter monsoons. The following third phase of the 'Tibet movement' at 1.7 Ma caused large geomorphologic, hydrologic, sedimentologic, and tectonic configurations. The 'Kunhuang movement' at 1.5-0.6
Mya lifted the plateau to an average height of 3000 m, with mountains up to over 4000 m (Li and Fang, 1999) .
The uplift of the QTP and Himalayas caused a dramatic climatic and ecological shift: forests were replaced by grasslands, and the climate gradually became drier, colder, and windier; glaciers started to develop, and deserts were formed (Wu et al., 2001) . The dramatic climatic and environmental changes caused by the uplift of the QTP in the Pliocene resulted in new habitats that in turn facilitated the evolution of new groups of plants and animals (Curray et al., 1982; Gansser, 1964) .
The Role of the QTP Uplift in Avian Diversification in China

The platform of the QTP formed "high plateau"endemics
The combination of the unique geomorphologic configuration, complex land conditions, diversified climate, and distinct geological history led to the evolution of the endemic, specialized montane species that makes the QTP an area of worldwide importance for biodiversity (Cheng, 1981; Macey et al., 1998; Tang, 1996) . The Eastern Himalayas in the southeastern regions of the QTP are generally considered as a refuge and center of origin for Asian birds (Diesselhorst 1968; Vaurie, 1972; Zheng et al., 1981) . The east Himalayan mountain region located in the southeastern QTP has been suggested as an "evolutionary powerhouse" for Chinese avian fauna (Zhao et al., 2007) , an ice-age refuge for many bird species from where their populations expanded after glaciation (Luo et al., 2009 (Yang et al., 2009) . Such congruence in divergence timing between different taxa indicates a similar response of animals to common geological events.
Phylogenetic studies of the endemic birds of the plateau, including snowfinches, ground tit, and Tibetan partridge Perdix hodgsoniae, have revealed that the speciation timing is consistent with the three main stages of the QTP uplift (Bao et al. 2010; James et al., 2003; Qu et al., 2006) . For example, in the snowfinch complex, O. taczanowskii split from the other species 2-2.5 Mya, corresponding to the most recent uplift of the Tibetan plateau, 'the Tibet movement' at 3.6-1.7 Mya. Within Montifringilla and Pyrgilauda, speciation occurred in the second and third phases ofthe 'the Tibet movement' at 2.5 Mya and 1.7 Mya, respectively, and in the 'Kunhuang movement' at 1.5-0.6 Mya. Indeed, changes in the climate, ecology, and habitats following the uplift of the Tibetan plateau during the Pleistocene are likely the most important factors in driving speciation in snowfinches (Fig. 1) . With regard to partridges, the Tibetan partridge has been proposed as splitting from the ancestor of the Daurian partridge P. dauuricae and the gray partridge P. perdix at approximately 3.63 Mya, corresponding to the early intensive uplift of the Tibetan Plateau, which suggests that speciation in partridges was promoted by the intensive uplift of the Tibetan Plateau in the late Pliocene to early Pleistocene and Pleistocene glaciations (Bao et al., 2010) . The snowcock Tetraogallus ancestor may also have been distributed in a large area of the QTP prior to 4.2 May, with the early uplift of the plateau occurring when the ancestor of the dark-bellied and white-bellied groups evolved (Ruan et al. 2005) . The mid-Pleistocene (0.80-0.60 Mya) glaciation led to snowcock speciation; e.g., T. altaicus evolved duringan interglacial period (0.60-0.30 Mya), and the divergence between T.himalayensis and T. tibetanus was influenced by the two latest large glaciers (0.30-0.13 and 0.075-0.01 Mya, respectively) around the QTP in the Pleistocene (Jiao and Shen, 2003; Ruan et al., 2005) . The ancestors of Tetraophasis obscurus and T. szechenyii might have been isolated by meadow habitat on the Plateau, and their divergence time has been traced to 1.88-1.94 Mya, which corresponds closely to the uplifts of the QTP and glacial episodes (Wen and Liu, 2010) . Phylogenetic studies on QTP birds have invoked a "pre-Quaternary glaciation"
hypothesis, which suggests that most of the currently endemic birds of the QTP evolved during the Pliocene or early Pleistocene (3-1.5 Mya, before the glaciations in the Quaternary).
Speciation in the Eastern Himalayas: In situ diversification or immigration?
The east Himalayan region, located in the southeastern margin of the QTP, is considered a refuge for many Asian bird species andtheir center of origin (Diesselhorst, 1968; Vaurie 1972) . This region was found to be the center of origin of Aegithalos species (Dai et al., 2010) , and Päckert et al. (2010) revealed that subtropical A.concinnus invaded the Himalayans earlier than its Palearctic counterparts (A. iouschistos and A. niveogularis) and underwent east-west divergence within the Himalayas. An east-west divergence pattern has also been observed in many Phylloscopus species (Irwin et al., 2005; Irwin et al., 2001 , Martens et al., 2008 .
Such divergence may have occurred before Pleistocene, unlike the Pleistocene divergence in the QTP species. For example, the earliest divergences within the group of Garrulax, Trochalopteron, and allies can be dated to 7-8 Mya, 6 whereas most of the extant species originated between 2.5-5 Mya, with two divergence events occurring after 2 Mya (Luo et al., 2009 ). Price and Gross (2005) with very little speciation in situ, as suggested by Martens and Eck (1995) . Furthermore, speciation within the Himalayas, as suggested by Richman and Price (1992) and Price and Gross (2005) , is not supported by Johansson et al. (2007) .
Phylogeographical Structures of Birds in Response to QTP Climate Change
During the Pleistocene, the QTP experienced four or five glaciations, which appear to have occurred asynchronously relative to the glaciations in the Northern Hemisphere (Shi, 2002; Zhang et al., 2006; Zheng et al., 2002) . The maximum extent of glacier development occurred during the late Pleistocene (0.5-0.175 Mya, according to marine isotope stages, MISs 12-6), differing from the European and North American ice sheets that generally had their maximum extents in the Last Glacial Maximum (LGM, 0.023-0.018 Ma, MIS2) (Zhang et al., 2006; Zhou et al., 2006) .
The glaciers developed only around high mountains but not on the entire plateau surface (Zhou et al., 2006) , unlike the heavy ice cover occurring throughout high-latitude regions in Europe and North America. The milder Pleistocene climate may have mitigated stresses for cold-tolerant alpine birds relative to the extremes experienced by their 7 European and North American counterparts.
As the most diversified terrestrial vertebrates, birds are extremely interesting study subjects for biologists owing to their wide range of distribution, versatile ecological adaptations, spectacular morphological variation, and complicated behaviors. Indeed, different phylogeographical structures and population demography have been detected by comparing the population genetic structure and demographic histories of QTP species.
The populations of most species on the QTP have experienced a post-glacial expansion earlier than LGM, predominantly during interglacial periods (MISs 2-6) ( Table 1 ; Fig. 2 ).
Species on the QTP platform experienced post-glacial population expansion without divergence
First, some of the plateau species experienced rapid population expansion after the retreat of the extensive glaciers 0.5-0.175 Mya, and the QTP was uplifted during the Quaternary to an average of 4000-4500 m. The climatic conditions responsible for high rainfall moved away from the center of the mountains, and the glaciers shrank (Zheng et al., 2002; Zhou et al., 2006) . The maximum extent of glacier development in this region occurred during MIS6 and MIS4, with ice being more restricted during the global LGM (MIS2) (Benn and Owen, 1998; Zheng et al., 2002; Zhou et al., 2006) .
Palynological research indicates that a series of prolonged, mild interglacial periods led to a vegetation that is similar to
the present-day flora of East Asia during MIS5 (0.11 to 0.071 Mya) (Li et al.,1996; Liu et al., 2002; Yuan et al., 2004) .
It is likely that the Pleistocene climatic stability might have allowed a similar-to-recent vegetation to persist somewhere in the QTP (Liu et al., 2002) . Therefore, it is possible that these plateau species expanded their distribution range during the warmer MIS5 period.
Secondly, most QTP species expanded from the eastern margin to the platform of the QTP, the site of their refugia during glaciations (Fig.3) ; indeed, these refugia are considered to have had an important role for species survival during glacial periods. During the most extensive glaciations, the majority of the plateau area may have been heavily covered with ice, but glaciers were likely less frequent in the east than in the west (Zhang et al., 2000) . Consistently, the edge areas are located on the eastern margin of the plateau, which had no or only little ice cover (Shi et al., 1990; Shi, 1996) .
Comprehensive pollen studies have indicated that both alpine meadow and steppe might have spread to the eastern part of the plateau during glaciations (Ke and Sun, 1992; Kong et al., 1981; Liu et al., 2002) . Following the eastward retreat of suitable habitats, the plateau species might have had to migrate to these ice-free refugia, later re-colonizing the platform region from the refugia during interglacial periods.
Thirdly, unlike some of the distinctive phylogeographical structure revealed in European and North American bird species (Hewitt, 1996; 2004) , QTP birds do not show deep phylogeographical partitions. One possible reason is that the QTP has been less affected by glaciations, as they may have been too short for genetic divergence to 8 accumulate and arise (Qu et al., 2005 (Qu et al., , 2011 . Another reason may be due to the restricted area of the QTP. The QTP is located in a single bioregion, whereas Europe and North America cover much wider geographical areas with different bioregions; such diversified bioregions and widespread distribution may have caused increased lineage diversification.
Lastly, various behavioral and ecological characteristics, including dispersal capacities, habitat preference, and elevation specificity, and evolutionary history contributed to different species-specific responses to Pleistocene climatic fluctuations. For example, no distinct phylogeographical structure was found in Blandford's snowfinch Pyrgilauda blanfordi, red-necked snowfinch P. ruficollis, or white-rumped snowfinch Onychostruthus taczanowskii. This 'no divergence' pattern is presumably caused by contemporary gene flow during postglacial expansion and relatively homogeneous refugia. The three snowfinches are characterized by a strong flight capability and a tendency for elevational migration (Cramp and Perrins, 1994; Fu, 1998; Gebauer and Kaiser, 1994) , and such a high dispersal capacity tends to promote gene flow from neighboring populations and thus erodes patterns of genetic divergence (Endler, 1977; Gavrilets, 2003) .
Slight phylogeographical divisions have been observed only in Tibetan snowfinch
Montifringilla adamsi and horned lark Eremophila alpestris. To a certain extent, this pattern may be explained by the behavioral traits of these species, as they are confined to specific habitats with less dispersal ability (Cramp and Perrins, 1994; Fu, 1998; Gebauer and Kaiser, 1994) . Therefore, gene flow may be limited to postglacial expansions.
Population divergence detected between the platform and edge populations of QTP species
Recent population divergence and incomplete lineage sorting have been observed in the ground tit. Populations partly isolated in separated refugia could have persisted for a long time, with genetic drift shaping a "north-south divergence" between the lineages distributed on the platform and the northeastern edge of the QTP. The ground tit is very active on the ground but limited in flight capacity (Ali, 1962; Chen and Luo, 1998; Schafer, 1938) . As reduced mobility is expected to enhance divergence among refugia (Endler, 1977; Gavrilets, 2003) , it was presumed that the weak flight capacity of the ground tit had restricted population movement between the refugia, thereby enhancing genetic differentiation. The distinct geographic distributions of the two major clades of the ground tit suggest that the phylogeographical separations coincide with important climatic and paleo-geographical changes following the uplift of the QTP (Yang et al., 2006) . Therefore, the different phylogeographical structures of the snowfinch and ground tit can be considered to be due to differences in dispersal ability, elevation adaptations, and whether they occupied a single or multiple refugia during glaciations ).
Another example of "platform and edge" phylogeographical divergence is the blood pheasant Ithaginis cruentus, which showed four refugial populations from the edge of QTP dated to the middle to late Pleistocene (Zhan et al., 2011) .
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The twite Carduelis flavirostris also shows a phylogeographical separation between its populations on the QTP and neighboring regions, though it cannot be excluded that this may due to a sampling gap between the two populations .
Refugia within refugia in the Eastern Himalayas: Multiple lineage diversification
Elliot's laughing thrush Garrulax elliotii is an endemic species that is largely distributed in the southeastern QTP, the Eastern Himalayas, and a phylogeographical study revealed three distinct lineages congruent with the geographical separation: southern, northern, and eastern eco-subregions (Qu et al., 2011) . The lineage diversification occurred on two different geographic and temporal scales, with a recent divergence associated with geographic isolation into individual subregions and historical divergence associated with displacement into multiple refugia. Despite the long-term isolation, a genetic admixture among these subregional populations was observed, indicating that they were connected during glacial periods. The study of laughing thrush suggested that subregions (ecoregions) in the Eastern Himalayas created island-like conditions that appear to have influenced the intraspecific diversification process. In the Pleistocene, the populations were isolated in these subregions during the interglacials periods but became connected again when the populations were forced toward suitable habitats at low elevation during the colder, glacial periods. These repeated periods of mixing between populations may obscure the genetic divergence formed during many generations of genetic drift occurring in these spatial 'sky islands'.
Pre-Pleistocene lineage divergence in the Eastern Himalayas
The grey-cheeked fulvetta Alcippe morrisonia and red-headed tree babbler Stachyridopsis ruficeps are two species of small babblers widely distributed in Southern China, with the western parts of their populations in the Eastern Himalayas. These babblers have a rather ancient population divergence, which is considered to be very likely related to the uplift of the QTP (Song et al., 2009; Liu et al., 2012) . The results support the 'Pre-Pleistocene divergence hypothesis', which suggests lineage diversification occurred prior to Pleistocene glaciations. A long interruption in gene flow between the different lineages was caused by the topographic complexity of southern China and the weak dispersal capability of these small babblers (Song et al., 2009; Liu et al., 2012) . Mountain systems are greatly important in shaping multiple lineage divergence in the Daurian partridge and blood pheasant (Cao et al., 2012; Zhan et al., 2011) .
The grey-cheeked fulvetta and green-backed tit Parus monticolus also show a similar phylogeographical division in being divided into western and eastern lineages by the Daxue Mountains (Song et al., 2009; Wang et al., 2013) . These divisions show a common biogeographic barrier and phylogeographical break in promoting population divergence.
Conclusions and Perspectives
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The QTP and Eastern Himalayas are important areas for understanding the evolutionary processes that have shaped the Chinese avifauna. The QTP uplift greatly impacted speciation and diversification in the Plateau bird species, and most of the QTP endemic species underwent speciation during the 'pre-Quaternary Glaciations'. The eastern margin of the QTP, including the northern and southern margins, was detected as refugia for many species during the Pleistocene glaciations. The Eastern Himalayan mountain region is suggested to be an "evolutionary powerhouse" for the Chinese avian fauna, serving as both a refuge and center of origin for some Asian species, and acting as a "speciation pump" or "species museum". The Daxue Mountain division in this region acts as a geographical barrier by forming a phylogeographical break and promoting population divergence.
The QTP species show a "no divergence" pattern, with only one refuge for snowfinches (e.g., P. ruficollis, O.
taczanowskii), and a "north-south divergence" pattern, with two separate refugia for the ground tit. In the Eastern Himalayas, Elliot's laughing thrush shows a spatial "sky island" pattern, and two babblers show "multiple divergence"
patterns that date to pre-Pleistocene divergence, primarily as a result of the mountain isolation effect and refugia effect.
These montane species show various phylogeographical structures, which are considered to be related to the differences in their dispersal abilities, habitat preferences, elevational adaptations, and evolutionary histories. The divergence pattern of birds in response to the climatic oscillations during the Pleistocene and Pliocene has most likely been impacted by complex factors, reflecting the complex species-specific responses to common historical events.
Although species evolution and population divergence adapted to Quaternary environmental pressure have been well studied in Europe and America, more studies are required from Asia to fill the gaps in our knowledge and better understanding of these events on a global scale. The study of Quaternary evolutionary patterns can not only explain the past history but also predict the consequences of future global changes. New methodological approaches, such as the MAXENT and GARP methods based on current distribution patterns, have been proven to provide better accuracy in the predictions of past distribution (Elith et al., 2006; Hernandez et al., 2008) . During the last decade, model-based distribution prediction has become more powerful in addressing issues in evolution, biogeography, and phylogeography (Guisan and Thuiller, 2005; Hugall et al., 2002; Jakob et al., 2007; Liu et al., 2012; Peterson, 2001; Qu et al., 2012; Richard et al., 2007) . Model-based methods for comparative genomic and phylogeographical analyses in multiple taxa will help in the interpretation of evolutionary processes, i.e., natural selection, ecological speciation, community assembly, and functional trait evolution (Hickerson et al., 2010) . All of these endeavors will significantly drive phylogeography into the new Epoch of Avise.
Fig. 1 The phylogenetic tree of snow finches
The tree was reconstructed using BEAST 1.7.1 (Drummond & Rambaut 2007) . The divergence time was estimated by assuming a divergence rate of 21
Fig. 3 Predicted refugia and current distribution for selected QTP species
The blue circles show the predicted refugia for QTP species, which are modifiedfrom the original Fig.5 in Qu et al. (2010) . The shallow areas show the approximate locations of ice sheets during the maximum glaciations period. The red circles show the current distribution of the species (BirdLife International and Nature Serve, 2011).
